Reduced focus toward the eyes is a characteristic of atypical gaze on emotional faces in autism spectrum disorders (ASD). Along with the atypical gaze, aberrant amygdala activity during face processing compared with neurotypically developed (NT) participants has been repeatedly reported in ASD. It remains unclear whether the previously reported dysfunctional amygdalar response patterns in ASD support an active avoidance of direct eye contact or rather a lack of social attention. Using a recently introduced emotion classification task, we investigated eye movements and changes in blood oxygen level-dependent (BOLD) signal in the amygdala with a 3T MRI scanner in 16 autistic and 17 control adult human participants. By modulating the initial fixation position on faces, we investigated changes triggered by the eyes compared with the mouth. Between-group interaction effects revealed different patterns of gaze and amygdalar BOLD changes in ASD and NT: Individuals with ASD gazed more often away from than toward the eyes, compared with the NT group, which showed the reversed tendency. An interaction contrast of group and initial fixation position further yielded a significant cluster of amygdala activity. Extracted parameter estimates showed greater response to eyes fixation in ASD, whereas the NT group showed an increase for mouth fixation.
Introduction
The specific functional role of the amygdala within human social cognition remains a topic of debate. Recent findings suggest a crucial role in detecting and processing environmental features (Adolphs et al., 1995; Whalen, 2007; De Martino et al., 2010) . Consistently, neuroimaging and lesion studies suggest amygdalar sensitivity to the eyes, which themselves represent cues for processing social information (Kawashima et al., 1999; Morris et al., 2002; Whalen et al., 2004) . In line with this amygdala function framework, typically developed participants show increased amygdala activity underlying a focus on the eyes (Gamer and Büchel, 2009) .
In contrast, autism spectrum disorders (ASD) show atypical gaze on emotional faces-marked by a reduced eye focus (Klin et al., 2002; Pelphrey et al., 2002; Kliemann et al., 2010) . Within the social symptomatology in ASD, processing information from the eyes seems to be specifically impaired (Leekam et al., 1998; Baron-Cohen et al., 2001b) . Previous research highlighted two potential explanations: one hypothesis suggests a general lack of social attention, resulting in a missing orientation toward social cues, such as the eyes (Dawson et al., 1998; Grelotti et al., 2002; Schultz, 2005; Neumann et al., 2006) . Another hypothesis suggests an aversiveness of eye contact, leading to an avoidance of eye fixation (Richer and Coss, 1976; Kylliäinen and Hietanen, 2006) . In fact, these processes do not have to be mutually exclusive (Spezio et al., 2007) .
On a neural level, atypical gaze in ASD has been repeatedly reported together with aberrant amygdala activity. The exact relationship of gaze and brain findings in ASD, however, remains unclear. Previous studies reported both amygdalar hyperactivation (Dalton et al., 2005) and hypoactivation (Baron-Cohen et al., 1999; Critchley et al., 2000; Corbett et al., 2009; Kleinhans et al., 2011) triggered by faces. Within normal functioning, an increase in amygdala activation seems to be associated with immediate orientation toward the eyes (Gamer and Büchel, 2009; Gamer et al., 2010) . Along the same lines, patients with bilateral amygdala lesions fail to reflexively gaze toward the eyes (Spezio et al., 2007) . Thus, if the amygdala triggers orientation toward salient social cues, such as the eyes, decreased amygdalar response to faces in ASD would rather support the reduced orientation hypothesis. Increased amygdala activation, however, was found to positively correlate with duration of eye contact in a study by Dalton et al. (2005) , which was interpreted as an overarousal indicating aversiveness of eye fixation. These results would rather favor the avoidance hypothesis, consistent with findings indicating amygdalar involvement in aversion processing.
To further define the amygdala's functional role within atypical gaze in ASD we applied a facial emotion classification task, using eye tracking during fMRI, varying the initial fixation position on faces. We hypothesized that individuals with ASD would show reduced eye movements toward the eyes along with decreased amygdala activity when starting fixation on the mouth (in accordance with reduced orientation) and/or enhanced eye movements away from the eyes accompanied by increased amygdala activity when starting fixation on the eyes (in accordance with avoidance), compared with controls.
Materials and Methods
Participants. Seventeen neurotypically developed (NT) male controls and 16 male participants with autism spectrum disorders (ASD) participated in the current study. Controls were recruited through databases of the Max Planck Institute for Human Development, Berlin, Germany and the Freie Universität Berlin, Berlin, Germany. Participants with ASD were recruited through psychiatrists specialized in autism in the Berlin area and the outpatient clinic for autism in adulthood of the Charité University Medicine, Berlin, Germany. Controls were asked twice to indicate any psychiatric or neurological disorder during recruitment as well as before study onset and were excluded from the study in case of a report. Diagnoses were made according to DSM-IV (American Psychiatric Association, 1994) criteria for Asperger syndrome and autism without mental retardation using an in-house developed semistructured interview tapping the diagnostic criteria for autism (Dziobek et al., 2006 (Dziobek et al., , 2008 and the Asperger Syndrome (and High-Functioning Autism) Diagnostic Interview (ASDI; Gillberg et al., 2001) , which is specifically targeted toward adults with autism spectrum disorders. In 13 participants with available parental informants, diagnoses were additionally confirmed with the Autism Diagnostic Interview-Revised (ADI-R; Lord et al., 1994) . All diagnoses were made by two clinical psychologists [I.D. and J.K. (not an author on this paper)], trained and certified in making ASD diagnoses using the ADI-R based on DSM-IV (American Psychiatric Association, 1994) criteria.
All participants had normal or corrected-to-normal vision, were native German speakers, received payment for participation, and gave written informed consent, according to the requirements of the ethics committee of the Charité University Medicine, Berlin, Germany.
Experimental stimuli. We chose 120 faces (20 females, 20 males, each displaying happy, fearful, and neutral expressions) from a standardized dataset (Lundqvist et al., 1998) for the emotion classification task, based on a recent validation study (Goeleven et al., 2008) . Each image was rotated to ensure that, when displayed, the eyes were at the same vertical height. Additionally, an elliptic mask was applied resulting in images containing just the face (Fig. 1) . All images were converted to grayscale and the cumulative brightness was normalized across images.
Task and procedures. In each trial, a fixation cross was presented initially (jittered, 2-15.5 s), followed by the presentation of a face (150 ms) ( Fig. 1) (Gamer and Büchel, 2009; Gamer et al., 2010; Kliemann et al., 2010) . After showing a blank gray screen (jittered, 2-14 s), participants were asked to indicate the emotional expression via button press on a fiber optic response device (Current Designs Inc.). The emotional classification experiment followed a 2 ϫ 3 within-subjects design with the factors Initial Fixation (eyes, mouth), Emotion (happy, fearful, neutral) and the between-subject factor Group (NT, ASD). To investigate the effect of Initial Fixation, half of the faces within each emotion category were shifted either downward (Fig. 1, Trial A) or upward (Fig. 1, Trial B) , so that the eyes or the mouth appeared at the location of the formerly presented fixation cross. Thereby, the task allowed the investigation of changes in amygdalar blood oxygen level-dependent (BOLD) signal as a response to direct eye contact and when initially fixating the mouth in combination with respective eye movements.
Presentation order and timing of the six experimental conditions were optimized using the afni toolbox (3dDeconvolve, make_random_ timing; http://afni.nimh.nih.gov/afni/). Visual stimuli were presented in the scanner using Presentation (Version 12.4., Neurobehavioral Systems Inc.) running on a Microsoft Windows XP operating system via MRcompatible LCD-goggles (800 ϫ 600 pixels resolution; Resonance Technology).
Eye movement data analysis. Eye movements were recorded during scanning using a 60 Hz embedded infrared camera (ViewPoint Eye Tracker, Arrington Research). The resulting time series were split into trials starting 150 ms before and ending 1 s after stimulus presentation. To suppress impulse noise, each time series was filtered using a recursive median filter (Nodes and Gallagher, 1982; see Juhola, 1991 , for median filtering of saccadic eye movement; Stork, 2003 , for a discussion on recursive median filters). The filter was iterated with an increasing window size from 3, 5, 7, 9 and 11 data points respectively to eliminate spikes of varying widths due to improper pupil recognition. This technique successfully suppressed impulse noise while preserving edge information necessary for the proper recognition of saccades where previously used linear filtering techniques failed. Gaze points outside the screen (not within 5°of the fixation cross) were discarded. Trials were considered for further analysis if all gaze points within the baseline period were valid, within 2°of the fixation cross and if the total amount of invalid samples due to blinks or other data defects in the remainder of the trial did not exceed 250 ms. The baseline period started 150 ms before and ended 150 ms after stimulus presentation. The first fixation change was determined as the first deviation in the gaze position of at least 1°away from the mean gaze position during the baseline period. If the first fixation occurred during the baseline period, the trial was said to contain a saccade during the baseline and was excluded from further analysis. As a result, only trials were considered where a steady fixation close to the fixation cross with no blinks or saccades was found for the whole duration of the baseline period and with Ͻ250 ms worth of missing data during the remainder of the trial. Four participants from the ASD group had to be excluded from further analysis based on the number of invalid trials due to blinks, motion or other artifacts. Since calibration was performed separately for each run and for each participant, runs with Ͻ30% valid trials were excluded individually from further analysis. No significant differences in the percentage of valid trials could be found between the groups (NT: 45.6%; ASD: 47.2%; p Ͼ 0.1). For some participants the number of valid trials fell under the 30% mark for individual conditions even though the total number of valid trials exceeded 30% per run. To ensure reliable percentages while avoiding excluding whole subjects, those values were replaced by the respective group means. No significant difference in the number of valid conditions was found between the groups (NT: 91.1%; ASD: 88.9%; p Ͼ 0.1). For each emotion separately, the percentage of trials that contained a fixation change downward from the eyes or upward from the mouth was computed depending on whether the eyes or the mouth was presented at the fixation cross. Because of a reoccurring buffer overflow error in the eye tracker data acqui- Figure 1 . Emotion classification task. Trials started with a presentation cross (2-15.5 s), followed by an emotional face presented for 150 ms. After a blank screen, participants had to indicate the emotional expression displayed via button press. Faces were shifted vertically on the screen, so that participants initially fixated the eyes (trial A) or the mouth (trial B).
sition computer, a significant portion of the eye tracker trials were not recorded, randomly across the experiment. There was no significant effect for missing trials for the factors Group, Emotion or Initial Fixation, but within individual participants missing trials were unevenly distributed across conditions. To retain the trials for those conditions that had a sufficient number of valid trials a total of 17 conditions in 9 different participants (8 conditions in the ASP group and 9 in the NT group) were interpolated, which allowed inclusion of more subjects and increased power as a consequence. Overall, 9.8% of a total of 29 ϫ 6 ϭ 174 cases were interpolated. It is possible that this manipulation introduced a bias toward false positives in subsequently used mean difference-based statistics. Correlation analyses with the eye movement data were performed using non-interpolated trials only as interpolation was performed within group and per condition and the interpolated values are thus orthogonal to the remaining variables within each subject.
To further investigate potential effects between groups when combining eye movements away from and toward the eyes to a general measure, we calculated an eye preference index. The index measures the directionality of gaze shifts toward the eyes compared with the mouth while correcting for between-subject variability due to differences in the overall proportion of trials containing gaze shifts. Comparable indices have been used in two previous studies, using the same experimental paradigm (Gamer and Büchel, 2009; Kliemann et al., 2010) . The proportion of gaze shifts toward the mouth or toward the eyes are corrected by dividing the respective variable by the sum of the gaze shifts toward both features in each emotion and adding one to offset the divisor away from zero:
S mouth ϭ P mouth P eye ϩ P mouth ϩ 1 .
The eye preference index ( J) is defined as the difference of the corrected gaze shifts,
The eye preference index ranges in the interval [Ϫ0.5, ϩ0.5] and is first defined for each emotion separately and then additionally combined over all emotions. Positive values indicate stronger preference for the eyes (i.e., increased orientation to the eyes, as suggested in the NT group) and negative values indicate stronger preference for the mouth (i.e., avoidance of the eyes, as suggested in the ASD group). To control for possible discrepancies regarding the number of trials between groups and among conditions we performed an ANOVA on the overall proportion of trials containing fixation changes and found no significant effects or interactions for diagnosis or emotion. In addition individual independent samples t tests between the groups for each emotion separately showed no significant effects. Statistical analysis. Since we were primarily interested in effects and interaction of the two factors Initial Fixation and Emotion within and between groups, any data collected during the task were first analyzed applying a 2 ϫ 3 (Initial Fixation [Eyes vs Mouth] ϫ Emotion [Happy vs Fear vs Neutral]) repeated-measures ANOVA with between-subject factor Group ([ASD vs NT]), unless otherwise specified. Additionally, post hoc within group ANOVAs, independent-samples t tests, as well as paired-samples t tests were conducted. All statistics used a significance level of p Ͻ 0.05, unless otherwise specified. Data were analyzed using PASW (version 18.0 for Mac, SPSS Inc., an IBM Company).
fMRI data acquisition. Participants were scanned using a Siemens Magnetom Tim Trio 3T system equipped with a 12-channel head coil at the Dahlem Institute for Neuroimaging of Emotion (D.I.N.E., http:// www.dine-berlin.de/) at the Freie Universität Berlin, Germany. For each participant, we acquired 4 functional runs of 180 BOLD-sensitive T2*-weighted EPIs (TR, 2000 ms; TE, 25 ms; flip angle, 70°; FOV, 204 ϫ 20 mm 2 ; matrix, 102 ϫ 102; voxel size, 2 ϫ 2 ϫ 2 mm). To achieve a better in-plane resolution, reduce susceptibility effects and with regard to the specific hypotheses, we collected 33 axial slices covering a 6.6 cm block, which included the bilateral amygdalae. For registration of the functional images, high-resolution T1-weighted structural images (TR, 1900 ms; TE 2.52 ms; flip angle, 9°; 176 sagittal slices; slice thickness 1 mm; matrix, 256 ϫ 256; FOV, 256; voxel size, 1 ϫ 1 ϫ 1 mm) were collected.
fMRI data analysis. The fMRI data were preprocessed and analyzed using FEAT (FMRI Expert Analysis Tool) within the FSL toolbox (FMRIB's Software Library, Oxford Centre of fMRI of the Brain, www. fmrib.ox.ac.uk/fsl; Smith et al., 2004) . Preprocessing included nonbrain tissue removal, slice time and motion correction and spatial smoothing using a 5 mm FWHM Gaussian kernel. To remove low-frequency artifacts, we applied a high-pass temporal filter (Gaussian-weighted straight line fitting, ϭ 50 s) to the data. Functional data were first registered to the T1-weighted structural image and then transformed into standard space (Montréal Neurological Institute, MNI) using 7-and 12-parameter affine transformations, respectively (using FLIRT; Jenkinson and Smith, 2001) .
We then modeled the time series individually for each participant and run with seven event-related regressors (six regressors represented face onsets according to the six conditions of our 2 ϫ 3 within-subject design, one additional regressor represented the onset of the emotion recognition question). Regressors were generated by convolving the impulse function related to the onsets of events of interest with a Gamma HRF. Contrast images were computed for each participant, spatially normalized, transformed into standard space and then submitted to a secondorder within-subject fixed-effects analysis across runs. Because of our specific hypotheses regarding amygdala functioning in ASD, we used an anatomically determined mask to restrict our analyses to the amygdala. The mask included voxels with a 10% probability to belong to the bilateral amygdalae as specified by the Harvard-Oxford subcortical atlas (http://www.cma.mgh.harvard.edu/fsl_atlas.html) provided in the FSL atlas tool. Higher level mixed-effects analyses across participants were applied to the resulting contrast images using the FMRIB Local Analysis of Mixed Effects tool provided by FSL (FLAME, stage 1 and 2). We report clusters of maximally activated voxels that survived statistical thresholding with a z-value of 1.7 and FWE correction (corresponding to p Ͻ 0.05, corrected for multiple comparisons) (see Table 3 ). For visualization purposes, the resulting z-images were thresholded with a z-value from 1.7 to 2.6 and displayed on a standard brain (MNI-template) (see Fig. 5 ). To further characterize possible interactions, we extracted parameter estimates (PEs) of voxels for the identified cluster for relevant task conditions. In contrast to previous studies using the same design (Gamer and Büchel, 2009; Gamer et al., 2010) we did not focus our analyses on potential interactions of emotional expression and initial fixation position because (1) eye tracking data strongly suggested that gaze behavior (specifically gaze toward or away from the eyes) in autistic individuals was not modulated by the emotional expression on the face and (2) previous studies suggest that amygdala activity is influenced by the face per se rather than by the emotional expression (Dalton et al., 2005) . Thus, to gain more power in analyses of neuronal data with respect to between-group effects, we collapsed data across emotional expressions. (Lehrl et al., 1995) , and a nonverbal strategic thinking test (Leistungsprüfsystem, subtest 4, in 16 ASD (Horn, 1962) ; Table 1 ]. We additionally used the Autism Spectrum Quotient (AQ) (BaronCohen et al., 2001a) in both groups to control for clinically significant levels of autistic traits in the NT group. Groups differed significantly in AQ-scores (NT: 11.82, ASD: 36.06; t (31) ϭ 11.41, p Ͻ 0.001). None of the controls scored above the cutoff score of 32, in fact, the highest score was 22, indicating a very low level of autistic traits in the NT group.
Results

Demographics
Behavioral results
Reaction times
We analyzed participants' reaction times (RT) during the emotion classification task by condition with respect to the onset of the face stimuli. Over all conditions, individuals with ASD showed a tendency toward slower responses than control participants [ASD: 706.31 ms, NT: 623.86 ms; t (31) ϭ 1.66, p ϭ 0.11]. The 2 ϫ 3 ANOVA with between-subject factor Group yielded a main effect of emotion over both groups [F (2,62) ϭ Ϫ2.3; p ϭ 0.03). For happy faces, the effect was mainly driven by differences for the mouth conditions ( p ϭ 0.05), whereas for fearful faces the magnitude of effects was increased for eyes conditions ( p ϭ 0.008) (Fig. 2) . Greater accuracy was also observed for both groups when the eyes were initially fixated for happy faces [NT: eyes: 99.4; mouth: 97.4; t (16) ϭ 2.9; p ϭ 0.01; ASD: eyes: 97.9; mouth: 92.8; t (15) ϭ 2.6; p ϭ 0.02]. Interestingly, both groups showed a higher rate of emotion recognition when initially fixating the mouth for neutral faces, though only on trend level for the NT group [NT: eyes: 95.6; mouth: 98.1; t (16) ϭ Ϫ1.8; p ϭ 0.09; ASD: eyes: 92.5; mouth: 94.9; t (15) ϭ Ϫ2.1; p ϭ 0.05].
Eye Tracking results
The repeated measure ANOVA yielded a significant three-way interaction of all three factors [F (2,54) ϭ 3.87; p ϭ 0.027, partial 2 ϭ 1.25]. Group differences for neutral faces when initially fixating the mouth region were marginally significant [NT: 22.2, ASD: 9.4; t (22.4) ϭ Ϫ2, p ϭ 0.057]. The NT group's gaze was further modulated by a significant interaction of Emotion and Initial Fixation [F (2,32) ϭ 6.2; p ϭ 0.005, partial 2 ϭ 0.28]. For neutral faces, participants in the NT group showed a trend toward more fixation changes from the mouth to the eyes [mouth: 22.2, eyes: 9.7; t (16) ϭ Ϫ1.86, p ϭ 0.08]. When starting fixation at the mouth, more fixation changes to the eyes were observed for neutral, compared with happy faces [neutral: 22.2, happy: 14.9; t (16) ϭ Ϫ2.7, p ϭ 0.016], and showed a trend for neutral compared with fearful faces [neutral: 22.2, fearful: 17.6; t (16) ϭ Ϫ1.77, p ϭ 0.097]. We further analyzed the group means on a descriptive level: though not reaching statistical significance, over each emotion and for each emotion separately, the ASD group showed more eye movements away from the eyes than toward the eyes (from the mouth). In contrast, the NT group showed the opposite pattern (Fig. 3, Table 2 ). The magnitudes of these descriptive differences were greatest for neutral and fearful faces, between and within groups.
A Group ϫ Emotion ANOVA on the eye preference index revealed a significant interaction of Group * Emotion (F 2, 54 ϭ 4.388; Figure 2 . Emotion classification performance. The ASD group (lighter) showed on average less correct emotion classification than the NT group (darker) ( p ϭ 0.01). For happy faces, group differences were mainly driven by the mouth condition ( p ϭ 0.05), whereas for fearful faces, the difference was the largest for eyes conditions ( p ϭ 0.008). Initial Fixation and Group (bottom) . Eye movements were significantly modulated by all the factors (Group, Emotion, Initial Fixation, p ϭ 0.027). Descriptively, the ASD groups showed more eye movements away from the eyes than toward the eyes, whereas the NT group showed more eye movements from the mouth toward the eyes, than away from the eyes (Table 2) .
p Ͻ 0.05; partial 2 ϭ 0.140) (Fig. 4) . Within the NT group a one-way ANOVA revealed a significant effect for Emotion (F 2, 32 ϭ 6.692; p Ͻ 0.01; partial 2 ϭ 0.295). No effect of Emotion could be found in the ASD group again, which is replicating a lack of an emotion effect on eye movements in ASD . Within each emotion, participants in the control group showed consistently higher preference (positive index) for eye regions whereas participants in the ASD group showed consistently lower preference (and thus a negative index) for the eyes as outlined in Figure 4 . The differences were again most pronounced for neutral faces for which controls showed an eye preference index of 0.085 (SD 0.160) and participants in the ASD group Ϫ0.035 (SD 0.163) (t (27) ϭ 1.970, p ϭ 0.05). In addition, the eye preference index differed significantly from zero in the control group for neutral faces (t (16) ϭ 2.185, p Ͻ 0.05) but did not differ from zero in the ASD group. This strong effect for neutral faces is most likely due to the fact that the main effect of Emotion in the NT group is most pronounced in this condition.
Relationship between eye movements and emotion recognition performance
The number of eye movements away from the eyes was further correlated with performance on the emotion recognition task in ASD (eyes trials: p ϭ 0.076, r ϭ Ϫ0.62; mouth trials: p ϭ 0.021, r ϭ Ϫ0.74; all trials: p ϭ 0.026, r ϭ Ϫ0.73) but not in NT. Notably, this difference between groups (assessed with Fisher r-to-z transformation) was significant for mouth trials (z ϭ Ϫ2.19, p ϭ 0.029, two-tailed) and marginally significant for all trials (z ϭ Ϫ1.9, p ϭ 0.057, two-tailed). In other words, the more participants gazed away from the eyes, the less correctly emotions were identified, especially for mouth conditions.
fMRI results
We investigated how amygdala activity is differentially affected by the initial fixation of the eye compared with the mouth. For this purpose, we analyzed the fMRI data in predefined regions of interest (bilateral amygdalae, see Materials and Methods) with respect to the main hypotheses: (1) increased BOLD response within the amygdala for ASD compared with NT in trials where the eyes were fixated initially compared with trials where the mouth was fixated initially (ASD Ͼ NT; eyes Ͼ mouth, i.e., avoidance) and (2) increased BOLD response within the amygdala for NT compared with ASD in trials where the mouth was fixated initially compared with trials where the eyes were fixated initially (NT Ͼ ASD; mouth Ͻ eyes, i.e., orientation). The resulting 2 ϫ 2 interaction contrast (Initial Fixation [eyes vs mouth] ϫ Group [ASD vs NT]) revealed a significant cluster of activation within the left ( p Ͻ 0.05, FWE corrected) amygdala (Fig. 5, Table 3 ). Extracted PEs averaged across emotions further illustrate the direction of the interaction effect: the ASD group showed increased amygdala activity at initial fixation of the eyes compared with initial fixation of the mouth and compared with the NT group. In contrast, the NT group showed increased amygdala activity at initial fixation of the mouth compared with initial fixation of the eyes (Fig. 5) and compared with the ASD group.
There were no significantly activated clusters showing a threeway interaction of Emotion ϫ Initial Fixation ϫ Group in the amygdala. Table 2 ( p ϭ 0.05, FWE corrected). Error bars represent SE.
Table 3. Results of Interaction Contrast Initial Fixation Position and Group in the Amygdala
Hemisphere Multiple comparison correction Voxels Z-max
Discussion
To further define the role of the amygdala within atypical gaze in ASD, we investigated eye movements and amygdala activity when participants initially fixated the mouth or the eyes of faces during an emotion recognition task. Eye movements were mediated by a significant interaction of Emotion, Initial Fixation and Group. Within this interaction, ASD participants showed more eye movements away from than toward the eyes, whereas NT participants gazed more frequently toward than away from the eyes. fMRI data analyses revealed a significant interaction effect of Initial Fixation and Group in the amygdala, reflecting reversed group patterns in response to eyes and mouth fixation: ASD participants exhibited relatively greater amygdala response when initially fixating the eyes, whereas NT participants showed a relative increase when initially fixating the mouth, compared with the other facial feature and group, respectively. Social functioning requires the recognition and orientation toward important environmental cues. During communication, the eyes carry information about the other agent's inner state as well as information about the environment. Already early in development neurotypically developed individuals focus immediately on the eyes (Nation and Penny, 2008) . Our data support this, by revealing relatively more eye movements toward than away from the eyes, as additionally indicated by the positive eye preference index (Fig. 4) . At the same time, NT participants classified more fearful faces correctly when fixating the eyes. Thus, the previously reported orientation toward the eyes leads to increased performance when only information from the eyes is available, potentially reflecting a developmental expertise in processing information from the eyes due to the eye preference. Recently, the orientation toward (fearful) eyes has been associated with increased amygdala activity (Gamer and Büchel, 2009; Gamer et al., 2010) , suggesting that the amygdala triggers reflexive orientation in controls. In other words, the greater the orientation toward the eyes (from the mouth), the greater the increase in underlying amygdala activity. Here, we replicated these findings, showing a relative increase of amygdala activity while orienting gaze to the eyes (Fig. 5) . Our data therefore support the proposed functional profile of the amygdala to represent (social) salience mediation triggering reflexive orientation toward the eyes in NTs.
In contrast, autistic individuals' gaze on faces is strongly characterized by a reduced eye focus (Klin et al., 2002; Pelphrey et al., 2002) . Two-not mutually exclusive-explanations have been highlighted in the literature. First, previous research suggested that eye contact might be aversive (Hutt and Ounsted, 1966; Richer and Coss, 1976; Kylliäinen and Hietanen, 2006) , grounded on behavioral and psychophysiological findings (Joseph et al., 2008) . A previous study using the same paradigm, furthermore, showed a strong increase in gaze away from the eyes when starting fixation on the eyes compared with controls . The present group interaction effect replicated those findings (Fig. 3) , showing relatively more eye movements away from than toward the eyes in autism compared with controls.
The correlation between gaze away from the eyes and performance could further reflect a behavioral significance of actively gazing away from the eye region. The magnitude of this effect for mouth trials does not imply a behavioral benefit for processing information from the mouth, consistent with previous studies Kirchner et al., 2011) . If current eye movements could be explained by a greater interest in the mouth in ASD, this should lead to increased mouth exposure across the lifespan, resulting in increased performance when looking at the mouth. Performance, however, was not superior when directed to fixate the mouth versus the eyes in ASD. Dalton et al. (2005) strikingly connected the duration of eye fixation and the magnitude of amygdala activity in ASD. This amygdalar hyperresponsiveness to direct gaze has been suggested to represent a neural indicator for a heightened (and negatively valenced) emotional arousal triggered by eye contact. This is in accordance with our data and the suggested influence of avoidance: if directed to fixate the eyes versus the mouth, ASD participants showed increased amygdala activity compared with controls in the interaction contrast. The aversion then results in an avoidance of eye contact, as represented in the number of gazes away from the eyes. Of note, there are several studies showing amygdalar involvement during processing of aversive or threat related stimuli in general (Gallagher and Holland, 1994; Adolphs et al., 1995; LeDoux, 1996; Whalen, 2007) . In light of these findings, increased amygdala activity in response to eye contact, as shown in the interaction contrast, together with the observed gaze patterns could be interpreted as reflecting an avoidance reaction to eye contact in ASD.
Another explanation for the reduced eye focus in ASD is diminished social attention (Grelotti et al., 2002; Schultz, 2005; Neumann et al., 2006) . Thereby, ASD participants would fail to actively orient toward the eyes. Support for amygdalar involvement in the lack of attention toward the eyes comes from elegant studies in patients with amygdala lesions. These patients showed reduced reflexive orientation toward the eyes when looking at faces on photographs or videos (Adolphs et al., 2005; Adolphs, 2007; Spezio et al., 2007) . Thus, if reduced orientation to the eyes would be mediated by the amygdala in autism, this should be represented in decreased activity. In fact, we found reduced amygdala activity in ASD compared with control participants when initially fixating the mouth, accompanied by reduced eye movements toward the eyes.
Amygdalar activation patterns in combination with the atypical gaze complement our behavioral findings as well: emotion recognition performance was particularly impaired in ASD participants when looking at the most discriminative regions for the respective emotion (eyes for fearful, mouth for happy faces). Atypical gaze and underlying amygdala activity may thus lead to reduced expertise in emotion recognition abilities in ASD.
In sum, the results provide new and important insights into aberrant amygdala functioning within social information processing in autism: the increase in amygdala activity triggered by the eyes along with previously reported increased gaze away from the eyes, supports the hypothesis of active avoidance of eye contact, modulated via amygdalar avoidance processing. The decrease in amygdala activity when starting gaze at the mouth further underlines amygdalar dysfunction within social saliency detection and orientation. ASD is, however, of multifactorial nature with interacting risk factors (e.g., genetic variants, epigenetic and environmental factors) producing the autistic phenotype and symptom heterogeneity (Abrahams and Geschwind, 2010; Scherer and Dawson, 2011) . Variance within the autistic sample is thus very likely leading to pronounced avoidance of eye contact more than reduced orientation in some individuals or vice versa. We propose that both components may coexist, yet to varying intra-and interindividual degrees, as indicated in the eye preference index. However, the exact influence of avoidance and reduced orientation only in the ASD group cannot be disentangled here. The exact contribution should be specifically tested in fu-ture studies, including measurements of arousal and anxiety. Along these lines, the integration of other types of data, such as genetic information, may help to better disentangle subtypes of (social) symptomatologies associated with different phenotypes (Yoshida et al., 2010; Chakrabarti and Baron-Cohen, 2011) .
Both gaze and neuronal effects have been consistently reported in healthy samples. Thus the effects observed in the present study may partly be due to the greater homogeneity in individual gaze behavior and associated amygdalar response in NT, as compared with ASD samples. Although ASD participants showed increased amygdala activity for eyes Ͼ mouth trials (peak voxel: x: Ϫ16, y: Ϫ12, z: Ϫ14; z-max ϭ 2.8), the respective cluster did not survive adequate cluster correction. Within group effects in ASD should be carefully addressed in future studies to further specify the mechanisms behind the reported group interactions.
Importantly, the amygdala is not a (cyto-)anatomically homogeneous structure, but consists of several subnuclei (Gloor, 1997; Freese and Amaral, 2009; Saygin et al., 2011) with specific connections to other brain regions (Price and Amaral, 1981; McDonald, 1992; Kleinhans et al., 2008; Dziobek et al., 2010) , and presumably different functional profiles (Ball et al., 2007; Straube et al., 2008) . Avoidance and orientation may therefore be modulated via distinct amygdalar subnuclei. Further, the functional specification of the subnuclei may be dysfunctional during the developmental trajectory in ASD. Current spatial resolution of functional images together with registration to standard brain templates, however, make it hard to functionally localize subnuclei activation patterns. Future research and advances in neuroimaging methods will help to further define (dys-)functions of amygdalar subnuclei.
Our data suggest a specific dysfunctional profile of the amygdala in autism: whereas the amygdala in controls accompanies social salience mediation (such as orientation toward eyes), this process seems to be dysfunctional in ASD. Orientation processing is not absent or replaced, instead, it seems to interact with aberrant aversion processing of eye contact. This interpretation further supports the emerging opinion that the amygdala is not the cause of the autistic pathophysiology but rather represents a dysfunctional node within the neuronal network underlying effective social functioning (Paul et al., 2010) .
